Acute gastroenteritis is one of the most common childhood diseases, especially in developing countries. Annually, 2.5 million deaths are estimated to occur, which greatly impact the population of children younger than five years of age (Girard et al. 2006) . Over 20 different types of viruses have been identified as etiological agents for this disease (Wilhelmi et al. 2003) . Group A rotavirus are considered to be the main agents, followed by calicivirus, adenovirus and astrovirus. Globally, these viruses are responsible for diarrhea episodes in hospitalized children, with detection rates varying from 20-60%, 3.5-29.3%, 1-31% and 1.8-16%, respectively (Jakab et al. 2005 , Caracciolo et al. 2007 , Fodha et al. 2007 ). In Brazil, similar detection rates have been observed (Resque et al. 2007 , Soares et al. 2007 , including those studied in Goiânia, located in the Central-West region of Brazil (Cardoso et al. 2002 .
In Campo Grande, the unique data concerning the etiology of acute gastroenteritis in children refer to group A rotavirus, with detection rates of 23.2% detected in children up to three years old (Andreasi et al. 2007) . Considering the need for constant monitoring of viral gastroenteritis in establishing prevention programs, the present study aimed to detect enteric viruses in fecal samples obtained from hospitalized children with acute diarrhea in Campo Grande. 
PATIENTS, MATERIAL AND METHODS
This study was performed between May 2000-January 2004, using fecal samples collected from hospitalized children, under three years of age, with acute gastroenteritis at Santa Casa de Misericórdia from Campo Grande and Hospital Universitário da Universidade Federal de Mato Grosso do Sul. The inclusion criteria were defined as the occurrence of acute gastroenteritis, characterized as liquid or semi liquid, with three or more evacuations in a 24 h period. The collection of fecal samples was carried out in the first 24 h of hospitalization, after written informed consent was provided by parents or legal guardians. This study was approved by the Ethical Committee on Research of the Universidade Federal de Mato Grosso do Sul (protocol 599).
Astrovirus and calicivirus were detected by Reverse Transcription-Polymerase Chain Reaction (RT-PCR), using 20% fecal suspension (phosphate buffered saline pH 7.4). Viral ssRNA extraction was performed according to the Boom et al. (1990) method modified by Cardoso et al. (2002) . We used the random primer pd(N)6 (Random Hexamer, Amersham Biosciences) to obtain cDNA and the PCR was carried out using the primers Mon 269 and 270 for astrovirus (Noel et al. 1995) and Ni/E3 (Green et al. 1995) , JV12/13 (Vinjé et al. 1997 ) and 289/290 (Jiang et al. 1999) for calicivirus. Samples known to be positive for astrovirus and calicivirus and sterile Milli-Q water were included in all reactions as positive and negative controls, respectively. Adenovirus was detected by Rotavirus and Adenovirus Combined Immunoenzyme Assay, following methodology described by Pereira et al. (1985) to detect the Mastadenovirus genus. Statistical analysis was carried out using Epi-info software, version 6.0. Positivity proportion analysis was done by Chi-square test (χ 2 ) with a 95% confidence interval and Fisher's exact test, when necessary.
RESULTS
Adenovirus and calicivirus were examined in 415 and 406 fecal samples, respectively, while 354 fecal samples were used for astrovirus detection. The positivity rates observed were of 3.1%, 3.6% and 7.6% for astrovirus, adenovirus and calicivirus, respectively. The three types of viruses were detected only in children less than 24 months old, although no statistically significant differences were observed regarding positivity for any virus researched among any of the age groups (Table I) .
There was no statistically significant difference in viral positivity between children with diarrhea alone, as compared to children exhibiting additional symptoms, such as vomiting, fever and abdominal pain. However, of the entire group of 316 children whose samples were used for detection of all three types of viruses, and for which there was complete information regarding clinical status, 85 also presented with respiratory complaints. Analysis of viral positivity with respect to the presence or absence of respiratory complaints demonstrated that astrovirus was detected only in children without respiratory complaints, whereas adenovirus and calicivirus were detected in three and seven children with respiratory symptoms, respectively.
Ten children demonstrated positivity to more than one type of virus. Among these, nine were infected with group A rotavirus; five out of these nine children were co-infected with astrovirus, two with adenovirus and two with calicivirus. The other child showed positivity to astrovirus and calicivirus. The results relative to group A rotavirus have been published previously (Andreasi 2007) .
Analysis of viral detection with respect to the number of days of diarrhea was performed in 308 children. The highest detection rate of astrovirus was observed in the first day of diarrhea (14.2%). Adenovirus was mainly detected in children on the third day of disease (6.6%), while calicivirus showed increasing positivity related to days of disease, with the highest detection rates beginning on the fifty day of disease (8.8%-12.1%; p = 0.034). Calicivirus was mainly detected in female children.
All three virus types were predominantly detected in 2002 and 2003, with calicivirus being predominant in 2002 (Table II) . Additionally, all types of viruses circulated in all months of the year, and, although calicivirus showed high occurrence in March-April, this difference was not observed when analysis was performed with respect to the different seasons of the year.
From the 31 positive samples for calicivirus, 20 showed positivity to the Ni/E3 primers, eight to the 289/290 primers, two to the JV12/13 primers and one to the Ni/E3 and 289/290 primers.
There was no information regarding bacterial or parasite infection among the children in this study. We did not observe any correlation between viral infection and duration of symptoms or days of hospitalization. We performed genotypic characterization on the astrovirus samples and found that six samples were HAstV-1, three were HAstV-2 and one was HAstV-4. Co-infection was observed in 10 samples, with five samples testing positive for rotavirus and astrovirus, four samples for rotavirus and adenovirus and one sample for astrovirus and calicivirus.
DISCUSSION
In the present study, the positivity rates for astrovirus and adenovirus were 3.1% and 3.6%, respectively; these detection indices were similar to those previously found in the Central-West region of Brazil (Cardoso et al. 2002 ). However, other authors have reported higher detection rates in Brazil (Cardoso et al. 2002 , Victoria et al. 2007 , Resque et al. 2007 ). The highest detection rates were observed in epidemic situations (Silva et al. 2001 ) and, according to Resque et al. (2007) , this could reflect socio-economic differences. Globally, detection rates vary from 1.8%-13.9%, depending on the geographical area, as well the socio-economic situation (Jarecki-Khan et al. 1993 , Caracciolo et al. 2007 , Papaventsis et al. 2008 .
The viruses belonging to the Norovirus and Sapovirus genera of the Caliciviridae family infect humans of all ages. They have been detected globally with indexes that vary from 7.3%-23.7% (Marrie-Cardine et al. 2002 , Caracciolo et al. 2007 . In Brazil, similar to astrovirus and adenovirus, there are few calicivirus detection studies and one of these showed detection rates of 14.5% in Rio de Janeiro (Soares et al. 2007 ). In the Central-West region, only one study was conducted, which showed a detection index of 8.6% (Borges et al. 2006) , similar to that observed in the present study of 7.6%.
In the present work, calicivirus samples were not characterized in terms of calicivirus genera. However, 22 were detected by Ni/E3 or JV12/13 primers and one was detected by Ni/E3 and 289/290 primers. Considering that the first two primer sets were designed to detect norovirus, our results suggest that these samples may belong to this genus. On the other hand, the 289/290 primer pair detects both norovirus and sapovirus, and rotavirus by cross-reactivity (Ludert et al. 2004) . In this study, we found eight samples that were positive by this primer set. We did not use additional primers to confirm the presence of calicivirus; therefore it is not possible to conclude to which genera the samples belong. Additional studies utilizing DNA sequencing are in progress in our lab and should address this question.
The detection of astrovirus, adenovirus and calicivirus reveals that infection by these agents is a reality among our infantile population and suggests the possibility of nosocomial transmission, which has been previously observed for rotaviruses (Andreasi et al. 2007) . During this study we were not informed about nosocomial outbreaks, however. This is the first study conducted in our state detecting enteric viruses that play a role in the etiology of childhood acute gastroenteritis.
Among the 85 children reporting respiratory complaints, no samples were positive for astrovirus. Conversely, three and seven children with respiratory symptoms showed positivity to adenovirus and calicivirus, respectively. Unfortunately, in the present study, serotype identification, which could possibly suggest a cause for the respiratory symptoms, was not performed. These data are in agreement with a study that detected adenovirus in children with acute gastroenteritis and respiratory symptoms (Fodha et al. 2007) .
Most of the co-infection cases observed in this study involved the association of one of the three other viruses with group A rotavirus, with one sample presenting an association between astrovirus and calicivirus. The existence of co-infections between gastroenteric viruses makes the determination of the primary etiologic agent, as well as the determination of virus-specific symptoms, difficult (Resque et al. 2007 , Victória et al. 2007 .
Astrovirus detection occurred mainly in the first day of diarrhea, a finding similar to the results reported by Gabbay et al. (2007) . For adenovirus, the highest detection occurred in the third day, and for calicivirus, the highest positivity rates were observed on or after the fifth day of disease. Astrovirus and adenovirus were detected in similar proportions in children of both genders, while calicivirus predominated in female children. This finding is in agreement with published literature ), although Shimizu et al. (2007) showed a higher detection of adenovirus among male children, and Borges et al. (2006) found no significant differences between genders regarding calicivirus infection.
Regarding The three viruses investigated were found to circulate in all months of the year, with no evident detection peak. Furthermore, despite the high occurrence of calicivirus infection in March and April, no statistically significant differences existed as compared to calicivirus infection found in other months of the year. This result is in accordance with those reported previously (Resque et al. 2007) .
The results obtained from this study reinforce the need for the establishment of regional vigilance systems to evaluate the impact of enteric viruses on the etiology of viral acute gastroenteritis, especially considering the recent inclusion of the rotavirus vaccine in the childhood immunization calendar.
